ABSTRACT organophosphate pesticides are being increasingly used in combination with Pyrethroids. The effects of single molecules are being studied, but the risk associated with pesticide mixtures is still to estimate. So, the purpose of the current study was to evaluate the individual and combined toxic effects of deltamethrin (DLM) and dimethoate (DM) on brain of adult male albino rats. For this purpose, 60 adult male albino rats were randomized into 5equal groups: Group I: negative control, Group II: positive control received 1ml corn oil once daily. Group III received deltamethrin (5 mg/kg b.w./orally ∕daily), Group IV received dimethoate (20 mg/kg b.w./ orally ∕daily), Group V received deltamethrin (5 mg/kg b.w) and dimethoate(20 mg/kg b.w)orally ∕daily . At the end of the study (12 weeks); Body weight was evaluated then blood sample were obtained for estimation of oxidative stress markers malondialdehyde (MDA) glutathione (GSH), total antioxidant capacity TAC) and plasma cholinesterase (PCHE) level then rats were sacrificed. The brains were excised, prepared for histopathological, immunohistochemical examination and DNA damage estimation by comet assay. Results revealed that single DLM and DM exposure significantly had adverse effects on adult male Albino rats in the form of decrease in the body weight, increase in brain &serum MDA, decrease in TAC &GSH and decrease in PCHE level. Pathological changes in brain of rats included, pychnosis, neuronal degeneration, neuropil vacuolization, hemorrhage and congested blood vessels beside positive immuoreaction for bax. Also they caused DNA damage compared to control group. In conclusion, chronic exposure to DLM and DM singly and in combination induced significant oxidative damage in rat brain, associated with marked perturbations in antioxidant defense system in addition to genotoxicity detected by comet assay. Also, the mixture of the two pesticides caused greater damage on the brain of male albino rats, than the individual pesticides.
INTRODUCTION
esticides are the substances intended to control, repel, mitigate, kill or regulate the growth of undesirable biological organisms. These pests not only compete with humans for food, but also transmit diseases. Now pesticides usage became an indispensible and integral part of world agriculture (1). In recent years, environmental contamination with pesticides represents one of the problems of the region as well as world-wide importance. The presence of these toxic chemicals was recorded in air, water, house dust and in the tissues of nonoccupationally exposed people, especially in the adipose tissue, blood and urine (2).
Pesticide self-poisoning is a major public health problem, according to the World Health Organization, about 3 million cases of pesticide poisonings occur annually killing at least 250-370,000 people (3) . Dimethoate (DM) [O,O-dimethyl Smethylcarbamoylphosphorodithioate] is one of the most important organophosphorus insecticides. Dimethoate is used in agriculture against a wide range of insects and mites as both a systemic and contact pesticides. It is also used for indoor control of houseflies (4). It is classified as a moderately hazardous, Class II insecticide. Like other OPs, the principal mechanism of toxicity of DM is due to its P inhibition and accumulation of acetylcholinesterase (AChE), at the nerve endings and the neuromuscular junctions (5). Deltamethrin (DLM) is one of the most important insecticides synthetic pyrethroids (Pyr) class II that is widely used in veterinary products, crop production and in public health programs. Therefore exposure originates mainly from the household application of insecticides, contaminated food, and water. It is also considered the most potent neurotoxic pyrethroid (6) & (7). The marketing of mixtures of organophosphate and pyrethroids insecticides has become very common in developing countries and has resulted in an increase in the prevalence of toxicity (8).
The majority of toxicological studies of chemicals have been concerned with the evaluation of exposures to single compounds. In practice, humans are exposed to complex and variable mixtures of chemicals, which may act independently as in a single exposure, but may also interact to modulate the effects of the mixture as a whole and components (9). So, the purpose of the current study was to evaluate the individual and combined toxic effects of deltamethrin and dimethoate on brain of adult male albino rats.
MATERIAL AND METHODS (A) Chemicals: 1.Deltamethrin: (DLM)
Deltamethrin: (99% purity, CAS Number: 52918-63-5, Dimethoate: (99.9% purity, CAS 1219794-81-6) purchased from Sigma Egypt. ,Corn oil(used as a vehicle ). It was obtained from Sekem, Cairo.
(B) Experimental animals :
Sixty adult male Wister Albino rats (10-21 weeks) weighing 190-210 g They were obtained from the breading animals house of the Faculty of Veterinary Medicine, Zagazig University and acclimatized to laboratory conditions for two weeks. The diet of the animals was the basic laboratory diet. The experiment was carried out in compliance with the "Guide of the Care and Use of Laboratory Animals" (10) and the institutional guidelines for the care and use of experimental animals approved by the Medical Research Ethics Committee of Zagazig University, Egypt. Rats were randomly divided into 5 groups, 12 Rats in each group. The rout of administration was oral and the duration of the experiment was 12 weeks. (c) Experimental design : Group I (negative control):-received regular diet and tap water to measure the basic parameters. Group II (positive control):-Each rat received 1mL corn oil once daily. Group III (deltamethrin group):-received a daily dose of 5 mg/kg body weight deltamethrin dissolved in1 ml corn oil (1/20 of deltamethrin LD50) (11). Group IV (dimethoate group): received a daily dose of 20mg/kg body weight dimethoate dissolved in1 ml corn oil (1/20 of dimethoate LD50) (12). Group V (deltamethrin and dimethoate group): received a daily dose of (5mg/kg body weight deltamethrin + 20mg/kg body weight dimethoate). At the end of the study, the rats of all groups were anesthetized with light ether anesthesia and venous blood samples were obtained from them by means of capillary glass tubes from the retro-orbital venous plexus as described by (13) for estimation of level of pan antioxidant "Total antioxidant capacity", reduced glutathione (GSH), malondialdehyde (MDA) and plasma cholinesterase enzyme (PChE) level. Rats were sacrificed by decapitation, and the brains were obtained to assess the histopathological changes by light microscope and immunohistochemistry. Two ml of blood were collected from each rat in clean centrifuge tube and incubated at 37°C until blood clotted and then centrifuged at 3000 r.p.m for 10 minutes. The supernatant sera were pipette off using fine tipped automatic pipettes and stored in deep frozen at -20oC until assayed.
Those samples were maintained at (-20 o C) to be used for estimating of oxidative stress parameters :Total antioxidant capacity (TAC), reduced glutathione (GSH) and malondialdehyde (MDA). A. Total antioxidant capacity:-Serum TAC was assayed Colorimetrically according to the method of (14). The determination of the antioxidative capacity is performed by the reaction of antioxidants in the sample with a defined amount of exogenously provide hydrogen peroxide (H2O2).
The antioxidants in the sample eliminate a certain amount of the provided hydrogen peroxide. The residual H2O2 is determined colrometrically by enzymatic reaction which involves the conversion of 3,5,dichloro-2-hydroxyl benzensulphonate to a colored product. B.Reduced Glutathione:-Reduced Glutathione (GSH) in serum was assayed according to method proposed by (15). The method based on the reduction of 5,5 dithiobis (2-nit robenzoic acid) (DTNB) with Glutathione (GSH) producing a yellow compound. The reduced chromogen directly proportional to GSH concentration and its absorbance can be measured at 405 nm by spectrophotomer. C. Serum & brain Malondialdehyde:-Serum MDA was assayed colorimetrically according to the method of (16). While brain samples were homogenized in 0.1 M cold phosphate buffer saline (pH 7.4) using Teflon pestle. The homogenates were centrifuged at 14,000 ×g for 15 min at 4 o C. The supernatant was used for measurement of neural LPO expressed as malondialdehyde (MDA) content according to method described by (17) Thiobarbituric acid (TBA) reacts with MAD in acidic medium at temperature of 95 C for 30 min forming thiobarbituric acid reactive product the absorbance of the resultant pink product. Individual data (MDA content in the serum) were gained from the absorbance on spectrophotometer at 534 nm. Image analysis and quantitative morphometric measurements were done by a method described by (22). Twelve non-overlapping fields for each specimen were selected randomly and analyzed. The optical density (OD) of Bax immunostaining was measured by using the NIH ImageJ (v1.50) program. Optical density (OD) was calculated by the following formula: Optical density (OD) = log (max intensity/mean intensity), where max intensity = 255 for 8-bit images. The degree of immune reaction is indicated by optical density value; the darker it is, the larger the value is (23). Image J analysis of prepared histology microscopic slides provides researchers with a rapid, cheap assessment tool when compared with advanced/ultrastructural methodologies. Image J analysis can convert structure into numerical data and easily mastered (24). (III) Comet assay (alkaline singlecell microgel electrophoresis): Comet assay was performed according to (25) . Briefly, 100 mg of crushed brain samples was suspended in 1ml ice cold PBS, stirred for 5 min and filtered. 100μl of cell suspension was thoroughly mixed with 600μl of low-melting agarose, followed by spreading of 100μl of the mixture on agarose pre-coated slides. Theslides were left to solidify at 4 °C, and then they were immersed inchilled lysing solution for 1 h at 4 °C. The slides were removed andplaced in a horizontal electrophoresis chamber, filled with freshly prepared electrophoretic alkaline buffer for 20 min. After electrophoresis,the slides were washed gently in 0.4 M Tris-HCl buffer and stainedwith ethidium bromide. The DNA migration patterns of 100 cells foreach sample were observed using fluorescence microscope, and images were captured by a Nikon CCD camera. The qualitative and quantitative extent of DNA damage in the cells was estimated using the Comet 5image analysis software developed by Kinetic Imaging Ltd. (IV) STATISTICAL ANALYSIS Data for all groups were expressed as mean± standard deviation (X±SD). The collected data were computerized and statistically analyzed using SPSS program (Statistical Package for Social Science) version 20.0 (SPSS Inc, 2007). Statistically significant difference was determined by one-way analysis of variance (ANOVA), followed by the LSD test for multiple comparisons between different groups. The test results were considered significant when p-value <0.05, p-value <0.01 and <0.001 were considered highly significant. RESULTS All the parameters of both control negative & positive (I &II) were within normal and there were no statistically significant differences (p<0.05) between them (Table 1) 
I-Biochemicals results: Oxidative stress parameters:
The mean values of serum TAC (mM/l),GSH (mmol/l) levels in DLM group (III) and DM group (IV) showed a highly significant decreases (P<0.001) as compared with those of the control group. While, rats of DLM+DM group (V) showed highly significant decreases (P<0.001) when compared with other groups (I & II& III&IV) ( Table-2 ).
The mean values of serum MDA (nmol/ml)) and brain MDAnmol/g.tissue) levels in DLM group (III) and DM group (IV) showed a highly significant increases (P<0.001) as compared with those of the control group. While, rats of DLM+DM group (V) showed highly significant increases (P<0.001) when compared with other groups (I & II& III&IV) ( Table-2) .
Plasma cholinesterase enzyme (PChE):
The mean values of PChE(U/L)level in DLM group (III) and DM group (IV) showed a highly significant decreases (P<0.001) as compared with those of the control group. There was significant decrease in mean values of PChE (p < 0.05) when compared DLM group with DM group.While, rats of DLM+DM group (V) showed highly significant decreases (P<0.001) when compared with other groups (I & II& III&IV) ( Table-2) .
II-Histopathological results: 1-The light microscopic examinations:
The light microscopic examinations of both control groups negative & positive (I&II) revealed similar results. Thus, we choose negative group I as the control group in the figures .
In group I (control group):
The cortex of the cerebrum showed normal granular and pyramidal layer with large and small pyramidal cells with vesicular nuclei and darkly stained cytoplasm and processes and neurofibrillar network. The surrounding neuropil contained nerve fibers, glial cellsand blood vessselsby light microscopical examination with hematoxylin and eosin (H&E) stain (Fig. 1) . There was no difference between control groups regarding neuropil vacuolization, neuronal cell degeneration, hemorrhage and the number of congested blood vessels (Table 3) .
Group (III) Deltamethrin treated group:
Histopathological examination of stained section of the brain of the deltamethrin treated rats showed; Glial cells were distorted with deeply stained shrunked nuclei and scanty eosinophilic cytoplasm (pyknosis of nuclei and shrinkage of cytoplasm), neuronal degeneration, neuropil vacuolization and degenerated glial cell with small nuclei were present. Dilated blood vessels were present also ( fig. 2 ). Deltamethrin treated rats showed a highly significant increase (p< 0.001) in neuropil vacuolization, neuronal cell degeneration, and a significant increase(p< 0.05) in hemorrhage and the number of congested blood vessels mean values when compared to corresponding control group values (table 4, fig. 17 ).
Group (IV) Dimethoate treated group:
Histopathological examination of section from the brain of the dimethoate treated rats showed that some nerve cells in the cortical layer appeared normally while other cells were distorted with deeply stained shrunked nuclei and cytoplasm, dilated blood vessel, hemorrhage, degenerated neurons , neuropil vacuolization also loss of neuronal processes and lossof architectural details were observed ( fig.3 ). Dimethoate treated rats showed a highly significant increases (p< 0.001) in neuropil vacuolization , neuronal cell degeneration, hemorrhage and the number of congested blood vessels mean values when compared to corresponding control group values (table 4) .
Group (V) Deltamethrin & Dimethoate treated group:
Histopathological examination of stained section from the cerebral cortex of the rats of (deltamethrin &dimethoate) treated group showed more remarkable pathological changes as more cells were distorted with deeply stained shrunked nuclei and cytoplasm; most nuclei were apoptotic and destructed .Also the cytoarchitectural changes were remarkably more distinct, which include dilated blood vessel, remarkable hemorrhage, degenerated neurons, vacuoliztion also loss of neuronal Comet assay showed that the majority of brain cells in both negative and positive control groups, displayed a complete, spherical in shape head, and the comet trail was minimal. (Fig. 9 ). There were a nonsignificant difference among negative control, positive control groups (P>0.05) as regard mean values of comet tail length, percentage of tail DNA (tail DNA%) and tail moment by ANOVA test as shown in table (5), so we used negative control group as a standard reference for comparison with other treated groups. The mean values of unit tail moment level in DLM group (III) and DM group (IV) showed highly significant increase (p < 0.001) when compared to control group values. While, rats of DLM+DM group (V) showed highly significant increases (P<0.001) when compared with other groups (I & II& III&IV) ( Table-6 
. Organophosphates (OPs) and pyrethroids act mainly on the nervous system and are used broadly in agricultural and veterinary applications (Flaskos, et al., (27) . Dimethoate (DM) is one of the most imperative organophosphorus insecticides that used in cultivation and also indoor for control of houseflies (Hassanin and El Asely (4). Deltamethrin (DLM) is a type II pyrethroids insecticide, one of extensively used pyrethroids. It is considered as the most potent neurotoxic pyrethroids. It is broadly used in veterinary products as well as in agricultural and in public health programs (Romero et al., (28) . When pesticides are ingested together, toxic effects may be observed, which differ quantitatively and/or qualitatively from those observed following exposure to single pesticides (Groten et al. (9) . Accordingly, the present study was designed to evaluate the adverse effects of single and combined effect of oral administrations of deltamethrin, dimethoate on the brain of adult male albino rat. Regarding the biochemical results: Oxidative stress parameters . In the present study, there was a highly significant increases brain &serum MDA and a significant decrease in (TAC &GSH), mean values in DLM group (III) and DM group (IV) as compared with those of the control group. While rats of DLM+DM group (V) showed highly significant increases brain &serum MDA and a highly significant decrease in mean values of serum TAC, GSH) levels when intoxication significantly increased brain TOS and decrease the activities of the antioxidant enzymes superoxide dismutase and GSH reductase in rat brains The increase in mean values of serum and brain malondialdehyde in DLM administered rats may be attributed to its lipophilic molecule that can easily pass through the cell lipid bilayer and damage its integrity resulting in increased oxidant species with irreversible oxidation reaction which lead to chemical modification of biological processes (Sharma et al., (30) . While the reduction of TAC might be due to utilization of antioxidant enzymes to challenge the prevailing oxidative stress under the influence of free radicals generated from DLM and/or inhibition of enzyme synthesis by DLM (40) . The present study revealed that DM and DLM caused an inhibition of AChE in the blood of exposed rats. The degree of inhibition was notably higher in rats exposed toco-exposed to DM and DLM than those exposed to either DM or DLM. Similar inhibition of AChE activity in plasma was also reported by El-Halwagy and Zaki (8) . in rats exposed to the combination of an OP, diazinon and DLT, and they attributed it to the antagonistic effect of the OP and pyrethroid. The decrease in AChE activity observed in the serum of DLM exposed rats agrees with the results of Bax is a pro-apoptotic Bcl-2-family protein that resides in the cytosol and translocats to mitochondria upon induction of apoptosis. This process is likely to be a major regulatory checkpoint for apoptosis. Bax blocks the antiapoptotic effect of Bcl-2 and expected to be a major pharmacological target in numerous diseases The current study showed that oral exposure of pesticides, deltamethrin and dimethoate, alone or in combination caused significantly marked DNA damage in examined rat tissues; as evidenced by significant increase in the mean values of comet tail length, tail DNA% and tail moment among the deltamethrin, dimethoate groups and the combined exposure of these pesticides also caused significantly marked increase in the DNA damage in rat tissues. These results of the present study are supported 
, (73). Concoulsion
From the above result it can be concluded that chronic exposure to deltamethrin and dimethoate singly and in combination cause significant oxidative damage in rat brain, which is associated with marked perturbations in antioxidant defense system in addition to genotoxicity detected by commet assay. Also, the combination of the two pesticides caused greater damage on the brain of male albino rats, than the individual pesticides . Acknowledgment Special gratefulness and appreciation to Mona Mostafa Ahmed , Lecturer of pathology,. Faculty of Medicine, Zagazig University, for their scientific experience that helped me too much to accomplish this work. REFERANCES
